Introduction
The Easyhaler ® (EH; Orion Pharma UK Ltd, Newbury, Berkshire, England) is a dry-powder inhaler (DPI) that may be prescribed for the treatment of asthma. 1 In experimental studies and randomized controlled clinical trials, the EH has been shown to be at least equivalent in lung deposition and/ or clinical efficacy to other DPIs or pressurized metereddose inhalers (pMDI) for a variety of asthma medications, including inhaled corticosteroids (ICS), [2] [3] [4] [5] [6] [7] [8] [9] [10] short-acting β 2 receptor agonists (SABA), [11] [12] [13] [14] [15] [16] [17] [18] and long-acting β 2 receptor agonists (LABA). 19 In the UK, the EH is available for the delivery of beclomethasone, budesonide, formoterol, or salbutamol. 1 Physicians may choose the EH over another type of inhaler for a number of reasons. First, unlike some other DPIs in common use, which require inspiratory flow rates of 45-60 L/minute for optimal drug delivery, [20] [21] [22] [23] the EH generates a consistent therapeutic dose at inspiratory flow rates as low as 28 L/minute. 12, 23, 24 Even young children with asthma 11, 12 and elderly patients with chronic obstructive pulmonary disease (COPD) 25 can usually manage inspiratory flow rates of at least 28 L/minute. Second, the EH generates a consistent emitted dose and fine-particle fraction across a range of inspiratory flow rates from 30 to 90 L/minute, in contrast to a widely used DPI which showed greater variability in emitted dose at any flow rate and a fine-particle dose that was flow-rate dependent. 23, 26 Thus, the patient is more likely to receive the same dose of drug every time with the EH, even at low or variable inspiratory flow rates.
Third, patient satisfaction generally is better with the EH than with other inhalers. In numerous studies comparing the EH with other inhalers, most people with asthma or parents of children with asthma expressed a preference for the EH. [2] [3] [4] [5] [6] 27 In a meta-analysis of nine clinical trials, the EH was clearly preferred over the pMDIs and other DPIs evaluated. In particular, the EH was favored by patients for its ease of use, learning how to use, dosing, and inhaling through the device. 28 One of the features for which the EH repeatedly fared better among patients was the perception of drug inhalation, or receiving the powder from the device and thus controlling inhalation of the powder. 27, 29 A fourth consideration is that the EH is less expensive than most other DPIs. Thus, there are several potential advantages to switching asthma patients on ICS therapy from another type of inhaler to the EH. However, the clinical effectiveness of such a switch has not been investigated in a large and diverse population of asthma patients, ie, in real-life asthma care -where critical inhalation errors are both common and various. 20, 21, [29] [30] [31] [32] [33] [34] Critical inhalation errors are defined as any error in the handling or use of the inhaler that is likely to significantly impair the delivery of adequate medication, and they have been documented for all inhaler types. 30 Because they reduce the delivered dose of medication, critical errors compromise asthma control and thus increase the costs of asthma management. 30 As demonstration of correct inhaler technique is typically a prerequisite for inclusion in controlled clinical trials evaluating the efficacy of inhaled medications or comparing different inhalers, 20, 31, 35, 36 the applicability of such trials to asthma patients in real life is limited. In fact, it has been observed that typical asthma patients make many errors -even with their regular inhaler -which may negate the benefits documented in controlled clinical trials. [30] [31] [32] [33] The technical differences among the various ICS devices, even within the same class of device (such as DPIs), are sufficient that a switch from one type of inhaler to another increases the potential for critical handling or inhalation errors. 22, 29, 31, 34 Switching a patient from one inhaler to another without an accompanying face-to-face consultation may further compromise asthma control, 37 ,38 yet switching by electronic review or correspondence occurs with some frequency in clinical practice.
Hence, we investigated the results of switching from any other inhaler to the EH for the delivery of ICS therapy in a large and diverse population of asthma patients (children and adults) in UK primary-care practice. We focused the comparisons on the inhaler devices by limiting the study to asthma patients who were relatively stable on their current ICS therapy. Our hypothesis was that switching these patients from another type of inhaler to the EH in a real-life setting would nevertheless result in a significant reduction in clinical effectiveness and thus a significant increase in the costs of on-going asthma therapy.
Material and methods study design and patients
We conducted an historical, matched-cohort study of asthma patients in the UK treated in primary-care practice and prescribed ICS therapy. We obtained the patient data from two large, anonymized UK primary-care databases: the Optimum Patient Care Research Database (OPCRD) 39 
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switching from other ics devices to the easyhaler duplication of individual patients by cross-referencing the databases using patient characteristics. Qualifying patients comprised two groups: 1) those remaining on any other inhaler (OH) than the EH for the duration of the investigation period; and 2) those who were switched from an OH to the EH. For each patient, we studied the medical records for two consecutive years: a baseline year preceding the index prescription date (IPD) on which the physician either continued the patient on an OH or switched the patient to the EH, and an outcome year following the IPD (Figure 1) .
In order to ensure that the OH group was limited to patients whose physician clearly intended to continue the patient on the current ICS therapy unchanged, the OH group was restricted to patients who, at IPD, remained on the same drug, dosage, and device as their most recent prescription. But in order to ensure as large a study group as possible, we placed no such restrictions on the much smaller pool of potential EH patients, who were permitted a change of ICS drug (to beclomethasone or budesonide) and a decrease in ICS dosage, in addition to the change of device (from OH to EH) at IPD. The study population included smokers and ex-smokers in addition to nonsmokers and patients whose smoking status was not recorded. However, patients were excluded if they were prescribed a fixed-dose combination inhaler during their baseline year, they had more than one ICS switch at IPD, or they did not have complete data for both the baseline and outcome years.
To ensure that we were comparing the two treatments in similar patients, we matched the patients remaining on an OH with those switched to the EH in a ratio of 1:1, based on several demographic and clinical characteristics: age, sex, year of IPD, most recent ICS prescription (drug, dosage, and device), and the number of severe exacerbations and average daily SABA dosage during the baseline year (Table 1) . Thus, within the demographic categories, EH and OH patients were matched on the drugs and dosages required to achieve comparable asthma control during their baseline year.
clinical outcomes
As definitions of asthma control and acute exacerbation differ among organizations and studies, we examined several clinical outcome measures, encompassing various combinations of asthma-related hospital attendance, use of acute oral steroids, general practitioner (GP) consultations for lower respiratory tract infections (LRTI) requiring antibiotic therapy, average daily SABA usage, and changes in asthma therapy, in addition to controller-reliever ratios during the year of interest. In all, eight simple or composite measures of clinical effectiveness were compared between treatment groups: four co-primary outcomes (Table 2 ) and four secondary outcomes (Table 3) . For the purpose of investigating the non-inferiority (clinical equivalence) of EH against OH, the four co-primary outcomes were analyzed using a four-tier hierarchical approach, as described in the statistical analysis section.
health economic outcomes
We examined asthma treatment costs in both groups for the baseline and outcome years. Total asthma-related health care costs were calculated from the costs of asthma drugs, primary-care asthma consultations, and respiratory-related hospital attendance/admission. Drug costs included ICS, oral corticosteroids for acute use, SABA, LABA, leukotriene receptor antagonists (LTRA), theophylline, antibiotics prescribed for LRTI, and other respiratory drugs.
Quantities of resources used were obtained from the patient databases and multiplied by unit costs to produce total costs. Unit costs for asthma drugs were obtained from the Prescription Service of the National Health Service (NHS) Business Services Authority via the Dictionary of Medicines and Devices. 41 Drug unit prices were converted to 2010 prices for statistical analysis. Unit costs for GP First, we conducted exploratory data analysis for all variables of interest, for both the baseline and outcome years. As a conservative approach, we considered differences between treatment groups as possibly important if P,0.10. We examined variables meeting this criterion for co-linearity and clinical importance to select those used as potential confounders ( Figure S1 ) in the regression modeling of outcomes.
Next, we performed multivariate analyses using the full data set and each data split to identify baseline variables that are predictive (P,0.05) of each outcome variable during the outcome year. These baseline variables were considered as potential confounders in the regression modeling of outcomes. Spearman correlation coefficients were calculated among all potential confounders to determine strengths of 
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switching from other ics devices to the easyhaler linear relationships between variables. Correlation coefficients were considered, in conjunction with clinical interpretation, to identify pairings of variables that may present co-linearity issues at the modeling stage. We then used scatter plots and error-bar plots to further investigate nonlinear relationships. When unadjusted and adjusted results were subsequently compared, no disparities were found in the direction of any differences between treatment groups before and after adjusting for confounders.
clinical outcomes non-inferiority analysis Our primary goal was to determine whether the EH is clinically non-inferior (at least equivalent) to the OH in this diverse patient population. To that end, we used a four-tier hierarchical approach for analysis of the co-primary clinical effectiveness measures. The four co-primary outcomes were assessed in pre-determined order, as presented in Table 2 , using pre-specified acceptance limits. In order to claim noninferiority for an outcome on a lower level, it must first be demonstrated for the preceding outcome(s) in the hierarchy. If any outcome failed to meet the pre-specified limit, then any subsequent primary outcome(s) would be changed to a secondary outcome, which we analyzed singly.
The pre-specified acceptance limit was the demonstration of non-inferiority of the EH compared with the OH as follows: a) for the measures of asthma control, the difference in the proportions of patients (EH − OH) achieving asthma control has a lower 95% CI of $−10%; and b) for the exacerbation rates, the difference in proportions of patients having no exacerbations has an upper 95% CI of #10%. Subsequent power calculations using an equivalence model confirmed that, with group numbers of 979 each, there was sufficient power (99%) to detect a 10% difference in proportions between EH and OH.
Odds/rate ratios and other summary statistics We compared the adjusted odds of achieving risk domain asthma control between matched treatment groups using conditional binary logistic regression models. Asthma control status (controlled/uncontrolled) was used as the dependent variable, with treatment and potential confounding factors as explanatory variables. The exacerbation rates (both definitions) were compared between treatment groups using a conditional Poisson regression model to obtain an estimate of relative exacerbation rates. The model used empirical standard errors (for more conservative CI estimations) and adjustments were made for potential baseline confounders.
We compared the adjusted odds of achieving overall asthma control between matched treatment groups using conditional binary logistic regression models, as described above for risk domain asthma control.
For the secondary outcomes, we compared the adjusted odds of achieving treatment stability (both definitions) between matched treatment groups using conditional binary logistic regression models. Treatment stability status (stable/ unstable) was used as the dependent variable, with treatment and potential confounding factors as explanatory variables. The adjusted odds of being in a higher SABA usage category were compared between matched treatment groups using conditional ordinal logistic regression models. The SABA category (Table 1 ) was used as the dependent variable, with treatment and potential confounding factors as explanatory variables.
In addition, we compiled summary statistics for the controller-reliever ratio by treatment group. The controllerreliever ratio was categorized (,0.5 and $0.5), and patient numbers and percentages determined for each category. Unadjusted conditional logistic regression (stratified by matching) was used to generate P-values for both the summary and categorized data.
health economic outcomes
After calculating total asthma-related health care costs, asthma drug costs, consultation costs, and hospitalization costs for each treatment group for the baseline and outcome years, we compared summary costs between matched treatment groups using conditional logistic regression. These analyses were repeated for changes in costs between baseline and outcome years for each treatment group.
Results

Patients and devices
Of the 3,706,575 patients initially identified who had repeat prescriptions for an ICS, 1,029 were switched from an OH to the EH at the same or lower ICS dosage. After 1:1 matching, 979 patients remained in the EH group and 979 uniquely matched patients were in the OH group. Of this total, 281 OH patients (28.7%) and 643 EH patients (65.7%) had a faceto-face consultation at IPD; the remaining 698 OH patients (71.3%) and 336 EH patients (34.3%) had just an electronic review at IPD.
The baseline characteristics of both patient groups are summarized in Tables S1 and S2 . Despite patient matching, some statistically significant differences remained. More EH than OH patients had significant co-morbidities, as
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Price et al expressed by a Charlson co-morbidity index (CCI) 44 score .0 (51.5% and 41%, respectively; Table S1 ), but there were no significant differences between treatment groups in the incidence of gastroesophageal reflux disease, cardiac disease, or ischemic heart disease (data not shown). The incidence of rhinitis was higher in OH than EH patients (30% and 24%, respectively; Table S1 ), but as CCI score and rhinitis were included as confounding factors ( Figure S1 ), these baseline rates and differences were accounted for in the outcome analyses.
More importantly, patients in the EH group had fewer ICS prescriptions and inhalers, lower average daily ICS dosages, and lower controller-reliever ratios, but more asthma-related consultations with their primary-care physicians and a higher rate of asthma-related hospital outpatient department attendance than patients in the OH group. There were no significant differences in SABA prescriptions or daily SABA usage between groups, but LABA usage was significantly lower in the EH than the OH group. Given that there were no significant differences between treatment groups for any of the four co-primary clinical effectiveness measures (Table S2) , these findings suggest different patterns of self-management between the two groups; in particular, the patients who would be switched to the EH at IPD appeared to use less ICS or be less compliant with their ICS prescriptions and thus sought physician services more often.
Most of the devices compared with the EH were pMDIs (62.3% of all devices); breath-actuated inhalers (BAIs) represented 18.6% of devices, and DPIs other than the EH comprised the remaining 19.1% (Table S3) . Thus, 81% of EH patients switched from a non-DPI to the EH and the other 19% switched from another type of DPI to the EH. Beclomethasone was the predominant ICS (84.5%) used in both groups prior to IPD, but thereafter patients in the EH group were fairly equally divided between beclomethasone and budesonide. Budesonide, fluticasone, and ciclesonide accounted for ,20% of all ICS prescriptions in the OH group. In the EH group, 325 patients (33.2%) had a change of ICS drug and 286 patients (29.2%) had a decrease in ICS dosage at IPD.
Also of note, only 53 patients (2.7%) were also prescribed a long-acting muscarinic antagonist (LAMA): 31 EH patients (3.2%) and 22 OH patients (2.2%). Of those on LAMA therapy, 45 patients (2.3%) were $40 years of age and current or former smokers: 26 EH patients (2.7%) and 19 OH patients (1.9%). Thus, the likely incidence of COPD instead of, or in addition to, asthma in this study population was ,3%.
clinical outcomes
The EH was shown to be non-inferior to the OH for all four co-primary clinical outcomes: the differences in proportions of patients achieving asthma control had lower 95% CIs of .−10% and the differences in proportions of patients having no severe exacerbations had upper 95% CIs of ,10% (Table 4) . After adjusting for baseline confounders, there were no significant differences between treatment groups for risk domain asthma control or severe exacerbations (both definitions) during the outcome year, but patients in the EH group were significantly more likely to achieve overall asthma control than were those in the OH group (Table 4) .
The difference between risk domain and overall asthma control lies in SABA usage, specifically the average daily prescribed SABA dosage ( Table 2 ). During the outcome year, EH patients were significantly less likely than OH patients to be in one of the higher SABA usage categories (Table 5 ). During the baseline year, the number of patients on a salbutamol-equivalent SABA dosage of #200 µg/day was identical (560 patients, or 57%; Table S2 ) in both treatment groups, SABA dosage being a matching criterion. However, while average daily SABA dosages generally increased in both treatment groups between baseline and outcome years (Figure 2 ), significantly more EH than OH patients remained on a SABA dosage of #200 µg/day (52% and 47%, respectively; Table 6 ).
The importance of these differences in SABA usage is further reflected in the changes in risk domain and overall asthma control status between baseline and outcome years. Whereas the number of patients achieving risk domain asthma control increased slightly in both groups, from 66%-67% at baseline (Table S2 ) to 72%-73% in the outcome year (Table 4) , the number of patients achieving overall asthma control dropped substantially over the same period. Approximately 60% of patients achieved overall asthma control at baseline (Table S2) , but only 36% (OH) and 41% (EH) achieved overall asthma control during the outcome year (P=0.016; Table 4 ). As SABA usage is the single factor that differentiates risk domain and overall asthma control, these small differences evidently played a significant, albeit indirect, role in the clinical effectiveness of the EH, in that the EH patients used significantly less SABA for comparable asthma control.
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The other secondary clinical outcomes are summarized in Table 5 . Patients in the EH group were significantly less likely to achieve treatment stability (definition 1) than those in the OH group, but there was no significant difference in the odds of achieving treatment stability (definition 2) between groups. The key difference between these two indices is that a change in ICS drug or device is included in the first but not in the second definition of treatment stability. Significantly more EH than OH patients had a change in ICS drug or device during the outcome year (Table 6) , which may explain the difference in outcomes for the two treatment stability definitions. Even so, only 17.5% of EH patients had a change in ICS drug and 22% a change in ICS device during the outcome year. Thus, the EH evidently was well accepted by patients for the year after the switch. While significantly more EH than OH patients had an increase in ICS dosage during their outcome year (12.8% and 7.8%, respectively; Table 6 ), 29% of EH patients had undergone a decrease in ICS dosage at IPD. From these data, it appears possible that some EH patients may have been inappropriately stepped down at IPD; if so, then the increase in ICS dosage during the outcome year may simply have been a return to an effective ICS dosage in those patients. In both treatment groups, ICS dosages generally increased between baseline and outcome years (Figure 3 ), but ICS dosages remained significantly higher in the OH than the EH patients (Tables S2 and S4) .
Just as in the baseline year, EH patients had significantly fewer ICS prescriptions and inhalers, lower average daily ICS dosages, and less LABA usage than OH patients (Table S4) 
Discussion
The aim of our study was to critically evaluate the clinical and cost effectiveness of switching real-life asthma patients from any other type of ICS device to the EH. Our findings showed that both aspects of our hypothesis -that such a switch would result in a significant reduction in clinical effectiveness and thus a significant increase in the costs of asthma therapy -were disproven.
By examining a large and diverse population of asthma patients -from young children to elderly patients, and including smokers, patients with co-morbidities, and those with poor treatment compliance -we sought to represent the challenges typically faced in primary-care asthma management and the circumstances under which a physician might switch a patient from one ICS device to another. In an effort to include as many EH patients as possible within the limits of our study parameters, the EH was compared not only with other DPIs but also with pMDIs and BAIs, and across four different ICS drugs and a range of ICS dosages that in about one-third of patients were substantially different between matched cohorts after the switch.
Arguably, more specific associations of clinical importance may have been identified if our inclusion criteria had been more refined. For example, a comparison limited to the EH with other DPIs only (no pMDIs or BAIs) may have been of value, as might limiting the investigation to one ICS drug delivered by EH or OH. However, doing so within our present study framework would have reduced group numbers considerably; for example, a comparison of the EH with other DPIs would have reduced the group numbers to only 187 patients each.
One of the strengths of our study is that we were able to include almost 980 patients in each treatment group, and we examined the outcome of the switch against a backdrop of real-life asthma management. In addition, our study reviewed data for a full 12 months before and after the switch. In contrast, most randomized controlled clinical trials typically have very strict selection criteria which result in a homogeneous but often poorly representative study population, relatively small numbers of patients, and relatively short data collection periods. [4] [5] [6] 35, 36 By comparing various other ICS devices with the EH, and by retrospectively and remotely examining the outcome of the switch, we documented the results when primary-care physicians switched their asthma patients from another ICS device to the EH, regardless of which device the patient was currently using. In this respect, our study design put the EH to a very challenging test. differences between treatment groups in controller-reliever ratios or primary-care asthma consultations, which suggests better self-management in the EH patients during the outcome year compared with the baseline year. The incidence of asthma-related hospital outpatient attendance, however, remained significantly different between treatment groups and essentially unchanged from baseline. No other types of respiratory-related hospital attendance/ admission were significantly different between treatment groups (Table S4) .
health economic outcomes
There was no significant difference in total asthma-related health care costs between treatment groups during the baseline year (Table 7 ). There were, however, significant differences between groups in specific cost components. Asthma drug costs were significantly lower in the group who would be switched to the EH at IPD, owing in large part to the lower number of ICS inhalers and thus ICS costs in these patients. However, these lower drug costs evidently were offset by the significantly higher number, and thus cost, of primary-care asthma consultations and hospital outpatient attendances in the EH group. The number and cost of SABA inhalers were comparable between treatment groups.
During the outcome year, total asthma-related health care costs were significantly lower in the EH group, driven largely by lower asthma drug costs (ICS and SABA), as asthma-related consultations and costs were no longer significantly different from those in the OH group (Table 7) . Asthma-related hospital outpatient attendance costs remained significantly different between groups and were essentially unchanged from baseline.
Mean asthma-related health care costs increased from baseline to outcome years in both treatment groups, with the exception of primary-care asthma consultation costs, which decreased in both groups. The changes in costs from baseline to outcome years were not significantly different between groups for total asthma-related health care costs, asthma drug costs, ICS costs, or hospital outpatient attendance costs (Table  7) . However, SABA costs increased significantly more in the OH than the EH group (mean difference of £5.5/patient/year) and asthma consultation costs decreased significantly more in the EH than the OH group (mean difference of £13.5/patient/ year). Thus, switching to the EH in this patient population was not more costly than remaining on the same ICS drug, dosage, and device, and for some measures it reduced the costs of on-going asthma therapy, for equivalent clinical effectiveness.
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Price et al Table 7 comparison of asthma-related health care costs (£/patient/year) between matched treatment groups for baseline and outcome years, including changes (Δ) in costs from baseline to outcome years By the same token, one of the drawbacks of a study of this size and scope is that small baseline differences inevitably remained between treatment groups, despite patient matching on several clinically relevant variables. One such difference was the incidence of potentially important co-morbidities, as expressed by the CCI. However, the higher incidence of co-morbidities in the EH group may strengthen the case for the EH, although both of the exacerbation rate ratios (ATS/ERS and clinical definitions) in the outcome year were adjusted for CCI score (Table 4) 
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switching from other ics devices to the easyhaler Another difference worth noting is the incidence of hospital outpatient attendance during the baseline year, which, while low in both groups, was higher in the EH group. However, this finding may be noteworthy only for its role as a red herring: the rates of asthma-related accident and emergency attendance and inpatient admission were lower than that of outpatient attendance in both groups and were comparable between groups, all of which suggests that some patients, particularly in the EH group, may have been using the hospital outpatient department as a de facto primary-care clinic.
The two matched treatment groups in our study had comparable levels of asthma control and exacerbation rates during their baseline year, but there were some apparent differences in the patterns of medication usage and physician contact which suggest that the patients who would be switched to the EH were not as compliant with their controller medications as those who would remain on the same ICS device for the outcome year. Whether or not patient compliance or adherence to their ICS prescription was a factor in the physicians' decision to switch patients to the EH cannot be determined with our study design. However, based on published comparisons of patient preferences for specific inhalers, [2] [3] [4] [5] [6] [27] [28] [29] it is possible that some patients were switched to the EH because they were not satisfied with, or not correctly using, their current ICS device.
During the outcome year, the EH compared favorably with the other devices in clinical effectiveness, even though 29% of EH patients underwent a decrease in ICS dosage and 33% a change of ICS drug, in addition to the change of device, at the index prescription date and 34% were switched to the EH without a face-to-face consultation. The importance of direct physician contact when switching inhalers cannot be overemphasized. In fact, the role of health care professionals in ensuring correct inhaler use has been described as critical, both in achieving correct inhaler technique initially and in maintaining correct inhaler use over time. 30 Approximately one in three of the EH patients in our study were switched without a face-to-face consultation, and possibly even without the patient's knowledge and consent in some cases. Thus, patient training with the new device was not always ideal. This seemingly small fact adds weight to the effectiveness of the EH when compared with the reference group: patients who remained on the same ICS device they had been using for some time going into the outcome year. Whether or not their inhaler technique was optimal, the patients in the OH group were at least familiar with their device, whereas the patients in the EH group were using the EH for the first time at the start of the outcome year. Granted, the patients switching to the new device may have been more likely to read the product information sheet that came with the device and, at least initially, follow the instructions with care. However, in-person instruction and demonstration of correct inhaler use is documented to be superior to simply reading instructions in the patient information leaflet. 29, 34 All of the patients in both groups had been on ICS therapy for months or years prior to the index prescription date and so were experienced with general asthma inhaler use. Even so, the technical differences among the various ICS devices are sufficient that a switch from one type of inhaler to another increases the potential for critical handling or inhalation errors, 22, 29, 31, 34 and switching devices without an accompanying consultation may further compromise asthma control. 37, 38 In this light, the EH might be considered to have fared remarkably well. Not only was non-inferiority shown for the EH compared with the other devices for all four co-primary clinical outcome measures, but patients switched to the EH were significantly more likely to achieve overall asthma control: absence of asthma-related hospital attendance/ admission, GP consultations for LRTI requiring antibiotic therapy, and acute courses of oral steroids, and an average salbutamol-equivalent SABA dosage of #200 µg/day.
Significantly more EH than OH patients had a change in ICS drug or device during the outcome year, which significantly decreased the proportion of EH patients achieving treatment stability, but only 22% of EH patients had a change of ICS device during their outcome year; 78% of EH patients continued to use the EH. The positive change in controllerreliever ratios between baseline and outcome years in the EH group further supports a conclusion of satisfaction with the new device in the majority of EH patients.
Simply put, when the units of controller and reliever medications are equal, the controller-reliever ratio is 0.5; if reliever use exceeds controller use, then the ratio drops below 0.5. During the baseline year, significantly more EH than OH patients had a controller-reliever ratio ,0.5, which indicates a lower level of controller use and/or a greater reliance on reliever use in the patients who would be switched to the EH. However, this difference did not persist into the outcome year. While the controller-reliever ratios remained essentially unchanged between baseline and outcome years in the OH group, the percentage of EH patients whose controller-reliever ratio was $0.5 rose from 64% to 72%, even though SABA usage increased over the same period. This finding cannot be fully explained given our study design, but coupled with the decrease in primarycare asthma consultations in the EH group between baseline and outcome years, it is consistent with the better patient 
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Price et al satisfaction documented for the EH, and thus more regular use of controller medications, which ultimately contributes to better asthma control.
Both treatment groups showed an increase in average daily ICS and SABA usage between baseline and outcome years, but the increases were greater in the OH group. These changes were reflected in the costs of asthma therapy. There were no significant differences in total asthma-related health care costs between groups during the baseline year, but total costs were significantly lower in the EH than the OH group during the outcome year, largely because of the greater increase in SABA usage in the OH group and the greater decrease in primary-care asthma consultations in the EH group between baseline and outcome years. These differences, while relatively small in monetary terms, may be considered particularly significant when framed in human terms: greater overall asthma control and less need for primary-care asthma consultations, for comparable or lower cost, in the patients switched to the EH.
Conclusion
Switching typical asthma patients from another type of ICS device to the EH at the same or lower ICS dosage, even in the absence of direct physician contact, was achieved without a compromise in clinical effectiveness or increase in cost. In fact, patients switched to the EH were significantly more likely to achieve overall asthma control and had comparable or lower asthma-related health care costs in relation to patients who remained on an ICS device other than the EH.
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Supplementary materials
Figure S1 (Continued) Potential confounders examined at (or closest to) the index prescription date (IPD):
• Age • Presence/absence of co-morbid rhinitis (diagnosis ever and/or prescriptions for rhinitis therapy); where rhinitis is present, use of nasal steroids for its treatment
• Other important unrelated co-morbidities, expressed using the Charlson co-morbidity index (CCI) b
• Presence of gastroesophageal reflux disease (GERD; diagnosis ever and/or prescriptions for GERD therapy)
• Presence of cardiac disease (diagnosis ever and/or prescriptions for cardiac drugs)
• Number of asthma consultations that did not result in a prescription for an oral steroid
• Number of hospital outpatient attendances where asthma or other respiratory illness was the reason for referral
• Number of hospitalizations for asthma or possibly respiratory-related (a nonspecific hospitalization code and an asthma/respiratory code within a 1-week window)
• Number of prescriptions for any antibiotic, where the reason for the prescription was lower respiratory tract infection • Number of prescriptions for any respiratory therapy (split by number of prescriptions for each)
• Number of asthma exacerbations
• Number of general practice consultations for asthma that did not result in asthma exacerbation treatment
• Number of short-acting β 2 receptor agonist (SABA) prescriptions
• Average daily SABA dose (total combined dose of re/filled prescriptions, averaged over 365 days)
• Average daily ICS dose (total combined dose of re/filled prescriptions, averaged over 365 days)
• ICS dosage prescribed at IPD
• Identification of cases where the patient received inhaled therapy from mixed device types (eg, pressurized metered-dose inhaler and dry-powder inhaler)
• Spacer use/prescription 
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